The medial cortical surface of the mandible can be involved by tumour infiltration from the floor of the mouth. A detailed study of spread via accessory foramina through the edentulous alveolar crest has been previously undertaken, but no similar study has been carried out for the medial surface. In order to gain further appreciation of the mode of tumour spread, a study of the number and distribution of accessory foramina on the medial mandibular surface was performed on 89 mandibles. The number of foramina varied greatly from specimen to specimen. In the ascending ramus above the inferior dental foramen, 3 mandibles showed no foramina ; the condylar section possessed the greatest proportion followed by the sigmoid and the coronoid. On the rest of the medial surface below the inferior dental foramen, all specimens showed at least 1 accessory foramen ; the greatest concentration was in the middle third along the path of the inferior dental canal, followed by the upper third and the lower third section. Accessory foramina were repeatedly present at certain dedicated sites. The medial facing wall of the inferior dental foramen was found to be the commonest dedicated site (98.3 %) followed by foramina on either side of the genial tubercles (71.9 %), the digastric fossa (71.9 %) and the median foramen above the genial tubercles (64 %). The findings of this study are in keeping with the current observation that the lower border is least commonly involved in tumour spread. In view of the presence of accessory foramina along the inferior dental canal and especially on the medial facing wall of the inferior dental foramen, it is imperative to preclude tumour spread in this region prior to undertaking the conservative rim resection procedure. Medial to the symphysis the alveolar mucosa dips down almost to the level of the dedicated foramina in the vicinity of the genial tubercles. As a general rule the attached muscle forms a barrier to tumour spread except in the later stages, however, in irradiated mandibles resistance to spread has been previously reported to be diminished. Under these circumstances, it is possible that the numerous accessory foramina reported in this study could facilitate a direct pathway into the cancellous bone.
tumour size, location and clinical fixation to bone can predispose to, but are not prerequisites for bony invasion (Lukinmaa et al. 1992) . Neufeld (1958) has observed that if an accessory foramen communicates directly with cancellous bone then so will the overlying periosteum. Under these circumstances it appears that accessory foramina could play an important part in bony invasion of the medial surface and this could be of significance in irradiated mandibles as it is thought that radiotherapy in some way diminishes the ability of periosteum to function as a barrier to spread, resulting in multiple foci of infiltration in the cortex (McGregor & McGregor, 1986) . Hence a knowledge of the number and distribution of these foramina could provide further insight into the mode of tumour spread within the cortical layer. Foramina on the medial surface of the mandible have been charted previously (Sutton, 1974 ; Haveman & Tebo, 1976 ; Jayaseelan & Sharma, 1984) in order to account for unsuccessful local analgesia, but in the present context, only those foramina which communicate directly with the cancellous space would be relevant. A study was therefore undertaken to investigate the number and distribution of those accessory foramina on the medial surface of the mandible which were shown to provide a direct pathway into the cancellous bone. The role of foramina on the edentulous alveolar crest has been documented previously (Barttelbort, 1987 ; McGregor & MacDonald 1987 ) and has therefore not been included in this study.
  
A collection of 89 adult human mandibles of unknown origin denuded of soft tissue were examined. 54 mandibles were dentate on both sides, 18 were partially dentate on one side and 17 were partially dentate on both sides. The surface of each specimen was examined to exclude any bony pathology and there was no known history of radiation therapy. Only specimens with intact cortical surfaces were selected. In order to facilitate measurement, a horizontal line was drawn midway between the deepest curvature of the sigmoid notch and the inferior dental foramen. Part of the medial surface above this line was identified as the superior region and the part below it as the inferior region (Fig. 1) . The superior region was further subdivided into condylar, sigmoid and coronoid sections and the inferior region into upper, middle and lower third sections. The reasons for the divisions in this way was to establish if there was a link between the distribution of the accessory foramina and the known pathway of tumour spread, for example, the inferior dental canal ; also the divisions approximately corresponded to sites of surgical incisions. The inferior dental foramen, the edentulous alveolar crest of the partially dentate mandibles and the retromolar triangle were excluded from measurement. During the counting procedure, the mandible was positioned so that only the medial cortical surface was in view, and also a line was drawn as a guideline at the junction of the partly edentulous alveolar crest and the medial surface, thus helping to exclude the foramina on the alveolar crest. A dissecting microscope fitted with a dual fibrelight system was used to identify the foramina. With a magnification of between i9 and i20, numerous foramina were observed on the cortical surface, but only those which showed a strict communication with the underlying cancellous bone were included in the study. This was facilitated by shining a fibrelight beam through the foramen or by passing a human hair through it (Fig. 2) . The foramina were counted twice in each section and an average of the 2 counts was taken.
The number of foramina in the 6 sections from each side of the mandible were added together. There were therefore 6 counts available from each mandible and the analysis aims to describe these in the following way. First, the total number of foramina on each mandible was calculated. Second, the relative distribution of the foramina between the superior and inferior regions was described by calculating the proportion of foramina that were found in each of these 2 regions. The final stage of the analysis considers the relative distribution of foramina between the sections within each of the superior and inferior regions. This was done by expressing the number of foramina within each section of the inferior region as a proportion of the total number in that region and similarly for the superior region. The data are highly variable and are described using median and centiles, and appropriate graphs.
A search was also carried out to investigate whether foramina were found repeatedly at dedicated sites on the medial surface. For the purpose of this exercise, each mandible was regarded as 2 hemimandibles, namely 178 specimens, in order to exclude individual variations in each side of the specimen.


Total number of foramina
The total numbers of foramina on the lateral surface of the mandibles are shown in Figure 3 . Panel a is a histogram of the whole sample and shows that the number of foramina varies greatly between mandibles. Indeed, the scale is so dominated by the few mandibles with large numbers of foramina it is useful to consider panel b, which is the histogram for the 8 mandibles with under 100 foramina, excluding 8 mandibles with, respectively, 142, 176, 184, 185, 278, 424, 457 and 494 foramina. Numerical summaries of the number of foramina are given in Table 1 , where the usual 5 figure summary of minimum, maximum, median and quartiles is supplemented with the 10th and 90th centiles. The numbers within each region are also summarised and it is clinically relevant to note the number of mandibles with no foramina, either in total or within a region are also given in the Table. In the superior region 25.8 % of mandibles did not show any foramina in the coronoid section, 12 % showed no foramina in the sigmoid section and 6.7 % showed none in the condylar sections.
Variations between superior and inferior sections
The numerical summary of the proportion of foramina in the superior and inferior regions is shown in Table 2 . The superior region was found to have proportionally fewer foramina than the inferior region and 3 mandibles in the superior region showed no foramina. Figure 4 shows the proportion of foramina that occur in the inferior region. Table 3 and Figure 5 summarise the number of foramina in the coronoid, condylar and sigmoid sections and upper, middle and lower third sections as a proportion of the numbers in the superior and Summaries in superior region apply to the 86 mandibles with at least 1 foramen in that region.
Disposition of the foramina within the superior and inferior regions
inferior regions respectively. The proportions in the superior region could not be calculated for 3 mandibles which did not show any foramina in this region, so the summaries for the region are restricted to the remaining 86 mandibles. In the superior region the condylar section showed the greatest proportion and in the inferior region the middle third section possessed the greatest proportion of foramina. Graphical display of triplets of proportions such as those analysed here is complicated by the constraint that the proportions necessarily sum to 1. Parts of proportions could be displayed but this is unsatisfactory because it requires an arbitrary choice of 2 from 3 variables. The plots in Figure 5 overcome this by using the following result : for any point P in the interior of an equilateral triangle of unit altitude the perpendicular distances from each side to P sum to 1. Thus we can establish a coordinate system in which each vertex represents 1 variable having proportion 1 and the other 2 being zero. Thus in Figure 5 a, mandibles in which all foramina were in the middle region would be plotted at the top vertex. An inferior region with 50 % of its foramina in the lower third and 50 % in the upper third would be plotted at the midpoint of the base. A point with proportions (upper, middle, lower) l (a, b, c) would be plotted at a point a units perpendicularly from the SW-NE side, b units perpendicularly from the base and c units perpendicularly from the NW-SE side. The proportions in the 3 sections of the inferior region are shown in Figure 5 a, with those in the superior region shown in Figure 5 b. To avoid coincident points obscuring one another the points have been slightly ' jittered ' by the addition of a small random disturbance. The 3 mandibles with no foramina in the superior region are represented in Figure 5 b by a point at the centroid. Further information is contained in Figure 5 as points representing mandibles with more or less than the median number of foramina (in total, so that the median is 55) are plotted with different symbols. In neither the inferior nor the superior region is there a marked tendency for foramina to cluster. In the inferior region foramina tend to occur in higher proportions in the middle section with the lowest proportions in the lower section. In the superior region the foramina are spread quite evenly across the 3 sections.
Dedicated sites
The results show that dedicated sites exhibit more foramina than other areas on the medial surface. For the purpose of this observation, each mandible is regarded as 2 hemimandibles (178 specimens) except for site B where the foramen was situated in the midline of the symphysis (89 specimens). The dedicated sites (A-F) were found to be as follows ( Fig. 6 ) : (A) between the central and lateral incisors in the superior section ; (B) a median foramen found superior to the genial tubercles ; (C) on either side of the genial tubercles ; (D) digastric fossa ; (E) in the inferior section, below the apices of premolars ; (F) this section was found to correspond to 11 sites which included accessory foramina on the medial facing wall of the inferior dental foramen (F1) and 10 further sites extending from the foramen to the premolar region, along the path of the inferior dental canal as follows : (F1) the medial facing wall of the inferior dental foramen ; (F2) just below the inferior dental foramen ; (F3) about 3-4 cm below the inferior dental foramen ; (F4) halfway site between the inferior dental foramen and the third molar apices ; (F5) distal to third molar apices ; (F6) third molar apices ; (F7) between third and second molar apices ; (F8) second molar apices ; (F9) between second and first molar apices ; (F10) first molar apices ; (F11) between first molar and second premolar apices. The medial facing wall of the inferior dental foramen (F1) exhibited foramina the greatest number of times followed by sites A to D (Table 4 ). Except for 3 hemimandibles which showed no accessory foramina on the medial facing wall of the inferior dental foramen (site F1) all the other 175 hemimandibles showed the presence of at least one foramen. A note was made if there were 6 or more foramina at this particular site and it was found that in 102 hemimandibles the number of accessory foramina on the lateral wall of the inferior dental foramen varied from a minimum of 6 to a maximum of 60. Haveman & Tebo (1976) reported that the medial surface of the mandibles exhibited more foramina than the lateral surface. If the inferior dental canal space is excluded, the body of the mandible receives most of its blood supply from the lateral aspect and not the medial (McGregor & McGregor, 1986) . A comparison of the present study with that of the lateral mandibular surface carried out earlier (Fanibunda & Matthews, 1999) showed that the medial mandibular surface presented more foramina per mandible than the lateral surface. Also there was a larger proportion of areas on the lateral surface with no foramina than there were on the medial surface. Accessory foramina along the inferior dental canal were observed to be invaded by tumour (O'Brien, 1986) and infiltration of tumour around the inferior dental foramen with destruction of adjacent lingual cortex has been reported (Lukinmaa et al. 1992) . Infiltration in this region also presents the possibility of perineural spread along the inferior dental canal (Byars, 1954) . Table 3 showed that the greatest proportion of foramina were observed in the middle section of the inferior region. Table 4 shows that the medial facing wall of the inferior dental foramen (F1) was the commonest dedicated site for repeated occurrence of accessory foramina. The next most common sites were distal to the third molar apices (F5), and near the third molar (F6) and second molar (F8) apices, in descending order. The number of foramina were found to decrease as the second premolar apex was approached (F11). If it is recognised that accessory foramina provide a direct path for tumour spread from the cortical surface to the cancellous bone, then the occurrence of multiple foramina on the medial facing wall of the inferior dental foramen and other sites along the inferior dental canal (Table 4 ) makes this area most vulnerable to perineural spread. Hence it is important to preclude tumour involvement in the middle third section prior to undertaking the more conservative rim resection procedure. The surgical procedure of oblique marginal mandibulectomy which sacrifices the alveolar margin and entire inner table (Collins & Saunders, 1987 ; Shaha, 1992) tends to eliminate the offending foramina on the medial side and yet preserve the outer cortex.

The present findings show that apart from the middle third section, the superior section demonstrates the next largest number of accessory foramina which could provide a direct route into the cancellous bone. This is supported by the observation that the area of attached alveolar mucosa is recognised as a major portal of entry for tumours (Brown & Browne, 1995) and carcinomas involving the gingiva usually destroy bone (Gilbert et al. 1986 ).
The results show that of the dedicated foramina at the symphysis (Fig. 6) , the site lingual to the incisors (A) is the commonest, followed by the site of the genial tubercles (C), the digastric fossa (D) and superior to the genial tubercles (B). Perineural spread is not a problem in the anterior part of the mandible between the mental foramina and in the nonirradiated mandible the presence of muscle tissue normally forms a barrier to the spread of tumour (Cawson & Lucas, 1998) . However, the alveolar mucosa extends almost down to the genial tubercles and therefore the initial site of bone involvement is liable to be at this level (McGregor & MacDonald, 1987) . The bone at the site of attachment of the anterior belly of digastric is dense and the foramina at this site are protected from tumour invasion by the presence of muscle, however, once the surrounding soft tissue of the floor of the mouth is invaded, the digastric together with the muscles attached to the adjacent genial tubercles are infiltrated resulting in bony spread. The findings of this study show that accessory foramina are present in sufficient numbers at this dedicated site in the symphysis, and it is possible that they could provide a direct pathway into the cancellous bone during this advanced stage of infiltration. McGregor & MacDonald (1987) stressed the difference between routes of entry in nonirradiated and irradiated mandibles. Following radiotherapy, the resistance to spread was observed to be diminished in some way : the medial cortex was found to be more frequently involved and infiltration was of a multifocal nature. This observed lack of resistance to spread throws a different emphasis on the part played by accessory foramina. Whereas in nonirradiated mandibles bone tissue was reported to be infiltrated in the later stages, in irradiated mandibles the accessory foramina communicating directly with the cancellous bone may play a far greater part in the spread of tumour within the bone than previously envisaged.
